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The  greatest  interest  has  been  aroused  in  scientific 
circles  in  Berlin  by  a  paper  in  the  current  number  of  the 
Deutsche  inedicinische  Wodienschrift}-  by  Behring  and  Kita- 
sato.  These  well-known  bacteriologists,  who  for  a  long 
time  past  have  been  working  in  Dr.  Koch's  Hygienisches 
Institut,  have  not  only  succeeded  in  producing  immunity 
against  diphtheria  and  tetanus,  but  also  in  curing  animals 
already  infected  by  these  diseases.  Their  results  are  to  a 
great  extent  self-explanatory,  and  there  is  every  reason  to 
expect  that  the  same  method  will  be  found  to  be  applicable 
to  other  infectious  diseases.  The  most  remarkable  part 
of  their  discovery  is  the  fact  that  the  blood  of  an  animal 
that  has  been  made  immune  against  diphtheria  possesses 
the  extraordinary  power  of  destroying  the  poison  formed 
by  the  microbe  of  this  disease.  This  power  is  also  pos- 
sessed by  the  serum  of  such  an  immune  animal,  which 
serum  can  therefore  be  used  as  a  curative  means  on  other 
animals  that  arc  suffering  from  this  disease.  The  same 
statement  holds  good  for  tetanus. 

Before  describing  in  detail  these  interesting  results,  it 
will  be  well  to  give  a  short  historical  review  of  some  recent 
bacteriological  work  which  can  be  regarded  as  having  led 
up  to  this  discovery. 


'  No.  49,  December  4,  1890,  p.  1 1 13.  "Ucbcr  das  Zustandekommcn 
der  Diphtheric- Immunitat  und  dor  Tclanus-Immunital  bci  Thicrciii'' 
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Towards  the  end  of  i8S8  Nuttall,-  working  in  Flugge's 
laboratory  at  Breslau,  discovered  that  various  bacteria  are 
destroyed  when  mixed  with  fresh  blood  Or  blood-serum, 
and  further  that  this  destruction  cannot  be  ascribed  to  the 
action  of  cellular  elements,  but  rather  to  the  fluid  part  of 
the  blood.  This  discovery  (which  really  arose  from  the 
German  criticism  of  Metschnikoff's  phagocyte  theory)  was 
soon  followed  by  the  work  of  Buchner^  and  Nissen'  on  the 
bacteria-killing  power  of  the  cell,  free  blood-serum.  These 
authors  considered  that  their  work  necessitated  a  limitation 
of  the  phagocyte  theory,  and  suggested  a  new  view  of 
the  nature  of  immunity,  whether  natural  or  acquired.  In 
other  words,  they  suggested  that  immunity  was  condi- 
tioned by  the  bacteria-killing  power  of  the  various  body 
fluids  rather  than  by  that  of  any  particular  kind  of  cell. 
These  opinions  were  rather  severely  criticised  in  a  paper 
by  Lubarsch''  that  was  published  towards  the  end  of 
last  year.  Lubarsch  emphasized  the  fact  that  while 
the  serum  of  the  rabbit — an  animal  extremely  sensitive 
to  anthrax,  has  a  great  power  of  destroying  anthrax- 
bacilli,  horses'  serum  has  no  such  power,  although  this 
animal  is  comparatively  refractory  to  the  disease.  Again, 
while  on  the  one  hand  such  eminently  pathogenic  mi- 
crobes as  the  anthrax  and  cholera  bacilli  are  capable  of 
being  destroyed  by  serum  from  various  animals,  several 


^  "  Experimente  iiber  die  bakterienfeindlichen  Einfliisse  des  thier- 
ischcn  Kdrpcrs"  {Zcilsckrift  fur  Hygiene,  vol.  iv.  p.  353). 

■'  "  Ueber  die  baklerienlodtende  Wiikung  des  zellenfreien  Blut- 
serums"  {Centralblatt  fiir  Bakteriologie,  vol.  w  p.  8 17  and  vol. 
vi.  p.  i). 

'■  "  Ziir  Kennlniss  der  Ijaktcrienvcrnichtenden  Eigenschafi  des 
Blutserums  "  ( Zciischrift fiir  Hygiene,  vol.  vi.  p.  487). 

"  Ueber  die  bakterienvernichtenden  Eigenschaften  des  Blutes  und 
ihre  Beziehungen  zur  Immunitat  "  (Ccniralblait  fiir  Bakteriologie,  vol. 
vi.  p.  528;. 
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perfectly  harmless  microbes,  find  blood-serum  to  be  an 
excellent  food-medium.  Further,  though  the  serum  of  the 
rabbit  kills  anthrax  bacilli  in  a  pre-eminent  degree,  the 
living  blood-plasma  of  this  animal  can  only  do  so  to  an 
infinitesimal  extent.  Such  considerations  suggested  to 
Lubarsch  that  the  bacteria-killing  power  of  the  blood- 
serum  was  a  fact  rather  of  the  nature  of  an  epi-phenomenon 
than  an  essential  factor  in  the  conflict  between  the  organism 
and  the  microbe.  In  May  of  this  year  appeared  my  own 
work  on  "  Defensive  Proteids.""  I  gave  this  name  to  a 
new  class  of  proteid  bodies,  which  I  found  to  possess  a 
bacteria  killing  power,  and  which  I  have  obtained  from  the 
spleens  and  lymphatic  glands  of  various  animals.  This 
work  has  a  distinct  bearing  on  the  foregoing,  in  that  it 
suggests  that  the  bacteria-killing  power  of  blood-serum  is 
due  to  minute  traces  of  these  substances  liberated  from  the 
breaking  down  of  lymphatic  cells.  The  absence  of  a 
bacteria-killing  power  from  certain  kinds  of  serum  {e.g. 
horse)  and  from  living  blood-plasma  (as  has  been  shown  for 
that  of  the  rabbit  in  regard  to  anthrax),  appears  to  be  con- 
nected with  the  intactness  of  the  leucocytes  in  these  special 
cases.  Further,  the  fact  that  I  obtained  these  substances 
from  cells  which  either  are,  or  can  become,  phagocytes,  may 
be  taken  as  an  additional  proof  of  Metschnikoff's  well- 
known  theory.  These  .substances  appear  to  be  absent  from 
the  normal  blood-plasma,  or,  at  any  rate,  only  present  in 
such  small  quantities  that  they  cannot  be  separated  from 
it.  With  blood  of  febrile  animals,  however,  the  case  is 
different,  and  from  such  blood  I  have  been  able  to  isolate  a 


"A  Hactcria-killing  Globulin"  (Proceedings  of  the  Royal  Society 
of  London,  vol.  xlviii.  p.  93), and  "The  Conflict  between  the  Org^anism 
and  the  Microbe"  ;  Part  2,  "  On  Defensive  Protcids  "  {Ilrilish  Medical 
Journal,  July  12,  1890;. 
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bacteria-killing  substance/  This  fact  appears  to  indicate- 
that  these  substances  are  actually  used  by  the  organism  in 
its  reaction  against  the  attack  of  pathogenic  microbes. 

During  last  summer,  while  I  have  been  engaged  in  this 
work,  various  other  papers  have  appeared,  which  tend  to 
show  still  more  clearly  that  the  bacteria-killing  power  of 
the  blood  serum  (or  if  my  work  be  accepted,  of  defensive 
proteids)  is  of  real  importance  in  the  production  of  immu- 
nity. Bouchard  was,  I  think,  the  first  of  many  authors 
who  have  succeeded  in  showing  that  the  bacteria-destroying 
power  of  blood-serum  from  immune  animals,  is  greater  than 
that  of  normal  serum.  Bouchard  proved  this  in  the  case  of 
bacillus  pyocyaneus  for  rabbits.  He  made  the  animals 
immune  by  injections  of  sterilized  culture  fluids,  and  found 
that  serum  from  such  animals  exerted  a  far  greater 
"  bactericidal "  action  on  the  microbe  in  question  than 
serum  from  a  normal  animal.  Behring  and  Nissen,"  in  a 
paper  published  in  May  of  this  year,  went  a  step  further. 
They  showed  that  whereas  blood  serum  from  an  animal 
made  immune  against  anthrax  exerted  an  increased 
bactericidal  action  on  the  anthrax  bacillus,  it  showed  no 
increased  action  on  the  bacillus  pyocyaneus.  Conversely 
blood-serum  from  an  animal  made  immune  against  the 
latter  microbe,  had  no  increased  action  on  the  anthrax 
bacillus,  though  it  exerted  a  powerful  bacteria-killing  action 
on  pyocyaneus.  The  authors  considered  that  they  had 
proved  the  existence  of  two  bodies,  each  having  a  specific 
action  on  one  of  the  two  microbes  in  question  ;  and  further 

'  "  Indications  of  a  Method  of  Curing  Infectious  Diseases."  Read 
at  the  Leeds  Meeting  of  the  British  Association  for  the  Advancement 
of  Science,  September,  1890. 

*  "  Sur  I'cffet  dcs  produits  secret^es  par  les  microbes  pathogcncs  " 
(Paris,  1890). 

'■'  Ueber  den  baktericnfeindlichcn  Einfluss  von  verschiedcnen 
Serumartcn  "  ' Zeitschrift  fiir  Hy!^iciu\  vol.  \     p.  412). 
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that  these  substances  are  present  in  animals  made  immune 
ap'ainst  the  above-named  diseases.    These  remarkable  con- 
elusions  acquire  a  still  greater  interest  when  received  in  the 
light  of  a  research  by  Gamaleia  published  at  the  beginning 
of  last  year,^"    Gameleia  found  that  the  aqueous  humour 
of  a  sheep,  about  three  days  after  inoculation  with  atten- 
uated anthrax,  acquires  bactericidal  properties  for  this 
microbe.    This  condition  lasts  for  nearly  a  month,  and  then 
gradually  vanishes,  though,  as  is  well  known,  the  sheep 
remains  immune  for  a  far  longer  period.    These  researches, 
therefore,  suggest,  firstly,  that  when  an  animal  has  been 
made  immune  against  a  pathogenic  microbe,  its  blood  and 
other  body  fluids  contain  a  substance  capable  of  destroying 
the  microbe  in  question  ;  secondly,  it  follows  that  such  pro- 
tective substances  can  remain  in  the  body  undestroyed  for 
a  considerable  time  ;  and  thirdly,  that  they  can  be  present 
in  such  quantities  as  to  be  able  to  kill  the  microbes  involved 
(even  without  the  help  of  living  cells)  and  yet  produce  no 
appreciable  ill  effect  on  the  general  health  of  the  animal. 
If  this  is  so,  why  should  it  not  be  possible  to  cure  any 
infectious  disease  by  injecting  a  "  lymph  "  obtained  from  the 
blood  or  tissues  of  an  animal  previously  made  refractory 
to  the  disease  in  question  ? 

Whether  or  not  the  above  considerations  stimulated  the 
researches  of  Behring  and  Kitasato,  their  work  affords  a 
positive  answer  to  this  question,  which  promises  to  be  of 
the  greatest  importance  to  humanity,  and  has  led  them  to 
the  most  unexpected  and  interesting  results  from  the 
scientific  standpoint  The  following  is  a  summary  of  their 
paper,  which  is  of  the  nature  of  a  preliminary  communica- 
tion."   The  method  by  which,  in  the  first  case,  they  pro- 

"  .Sur  la  Destruction  des  Microbes  dans  les  Corps  des  Animaux 
Febricitants  "  (Annales  de  PTnsdiiU  Pnsicur,  1889,  p.  229). 

"  .\  fuller  account  will  shortly  appear  in  the  Zcilsclu-ift fiir  Hy^^icitc. 
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iluced  immunity  against  tetanus  and  diphtheria  is  not 
described.  Only  so  much  of  their  results  is  communicated 
as  is  necessary  to  support  the  following  propositions  : — 

"  The  immunity  of  rabbits  and  mice  against  tetanus 
depends  on  the  power  possessed  by  the  fluid  part  of  their 
blood  of  rendering  harmless  the  poisonous  substances 
produced  by  the  tetanus  bacilli." 

This  proposition  involves  a  completely  new  theory  of 
the  nature  of  acquired  immunity.  Hitherto  it  has  been 
thought  that  immunity  must  depend  either  on  the  voracious 
activity  of  phagocytes,  or  on  the  above-mentioned  bacteria- 
killing  power  of  the  blood,  or  on  an  acquired  tolerance 
against  a  poison  ;  and,  further,  that  by  the  method  of  resi- 
dues, any  one  of  these  theories  could  be  proved  by  showing 
the  other  two  to  be  false. 

Behring,  however,  was  able  to  prove,  by  his  work  on 
diphtheria,  that  none  of  these  theories  would  account  for 
the  natural  immunity  of  rats  or  the  artificially-produced 
immunity  of  guinea-pigs  against  this  disease.  After  dis- 
proving many  speculations  on  this  subject,  the  above-given 
explanation  was  arrived  at,  but  they  only  obtained  a  satis- 
factory proof  of  its  correctness  when  they  began  to  test  it 
on  the  tetanus  microbe. 

Their  experiments  prove  : — 

(1)  That  the  blood  of  rabbits  which  have  been  made 
immune  against  tetanus  can  destroy  the  tetanus  poison. 

(2)  This  character  can  be  shown  to  be  possessed  by  the 
blood  both  before  and  after  it  has  left  the  vessels,  and  in 
the  cell-free  blood-serum  obtained  from  it. 

(3)  This  character  is  of  so  permanent  a  nature  that  it  is 
still  manifested  by  such  serum  after  it  has  been  injected 
into  other  animals.  Consequently,  by  transfusion  of  such 
blood  or  serum,  important  therapeutic  actions  can  be 
obtained. 
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(4)  This  power  of  destroying  the  tetanus  poison  is  absent 
from  the  blood  of  such  animals  as  are  not  immune  against 
tetanus  ;  and  after  such  animals  have  been  killed  by  the 
tetanus  poison,  it  can  be  shown  to  be  present  in  their  blood 
and  tissues. 

In  support  of  these  assertions  the  following  experimental 
results  are  brought  forward. 

A  rabbit  was  made  immune  against  tetanus  by  a  method 
which  3vill  be  described  in  a  forthcoming  paper  by  Kitasato 
in  the  Zeitschrift  fur  Hygiene.  To  prove  the  completeness 
of  its  immunity,  lO  c.c.  of  a  virulent  culture  was  injected 
into  it.  Half  a  cubic  centimetre  of  the  same  culture  was 
quite  sufficient  to  produce  tetanus  in  a  normal  rabbit.  The 
treated  rabbit,  however,  remained  immune,  and  it  not  only 
showed  immunity  against  the  tetanus  bacillus,  but  also 
against  the  poison  produced  by  this  microbe.  For  it  re- 
mained unharmed  by  an  injection  of  twenty  times  the 
quantity  of  tetanus  poison  which  will  kill  with  certainty  a 
normal  rabbit.  Blood  was  taken  from  the  carotid  artery 
of  this  rabbit.  Before  clotting  occurred  0"2  c.c.  of  this 
blood  was  injected  into  the  body  cavity  of  a  mouse,  and 
0'5  c.c.  into  that  of  another.  Twenty-four  hours  later, 
these  mice,  together  with  two  control-mice,  were  inoculated 
with  tetanus  of  such  virulence  that  the  latter  showed  the 
symptoms  of  tetanus  after  20  hours,  and  were  dead  in  36 
hours.  Both  of  the  treated  mice,  on  the  contrary,  remained 
healthy. 

The  greater  quantity  of  the  blood  of  this  rabbit  was 
allowed  to  stand,  and  its  serum  collected. 

Six  mice  each  received  2  c.c.  of  this  serum  in  the  ab- 
.dominal  cavity,  and  all  withstood  a  subsequent  inoculation 
with  tetanus.  Control-mice  died  of  tetanus  within  forty- 
eight  hours. 

With  this  scrum  the  authors  succeeded  in  curing  animals 
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that  had  been  previously  infected  with  tetanus.  They  have 
also  been  able  to  show  that  this  serum  possesses  an  intense 
power  of  destroying  the  tetanus-poison. 

Of  a  ten-days  old  tetanus  culture  which  had  been  sterilized 
by  filtering,  0-00005  c.c.  was  enough  to  kill  a  mouse  after 
four  to  six  days,  and  O'oooi  would  always  produce  the  same 
result  in  less  than  two  days. 

Five  c.c.  of  the  serum  of  a  tetanus-immune  rabbit  was 
mixed  with  i  c.c.  of  this  filtered-culture,  and  kept  for 
twenty-four  hours.  Of  this  mixture  four  mice  each  received 
0"2  c.c.  (that  is  to  say,  0"033  of  the  original  culture,  or  more 
than  300  times  the  quantity  which  would  otherwise  be 
capable  of  killing  a  mouse).  All  these  four  mice  remained 
in  good  health.  Control-mice,  on  the  contrary,  which  were 
at  the  same  time  inoculated  with  0"000i  c.c.  of  the  original 
culture,  succumbed  within  thirty-six  hours. 

All  the  mice  mentioned  in  each  of  the  above  series  of 
experiments  have  been  subjected  to  repeated  injections 
with  the  tetanus  bacilli,  and  have  shown  themselves  to  be 
permanently  and  completely  immune. 

This  result  is  the  more  remarkable  in  that  up  till  now,  in 
spite  of  innumerable  attempts,  no  one  has  ever  succeeded 
in  making  any  animal  whatever  immune  against  tetanus. 
A  theory  of  the  nature  of  acquired  immunity  which  at 
once  led  to  a  method  of  treating  the  disease  which  is  easy 
to  understand,  harmless  to  the  animal,  and  certain  in  its 
effect,  must  surely  possess  some  basis  in  fact. 

Naturally  every  kind  of  control  experiment  with  serum 
of  normal  rabbits  has  been  carried  out  with  uniformly 
negative  results.  Serum  of  cattle,  horses,  and  sheep  has 
also  been  found  to  have  no  action  on  the  tetanus  poison. 
The  living  blood  and  tissues  of  an  animal  which  has  not 
been  made  immune  likewise  show  no  power  of  destroying 
the  tetanus  poison,  as  appears  from  the  following  experi- 
ment, which  has  been  many  times  repeated  : — 
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Rabbits  into  which  0'5  c.c.  of  a  germ-free  tetanus  culture 
is  injected  subcutaneously,  succumb  after  showing  typical 
tetanus  symptoms  ;  almost  always  a  serous  transudation  is 
to  be  found  in  the  thoracic  cavity.  Of  this  transudation, 
0"3  c.c.  is  on  the  average  enough  to  kill  a  mouse  with 
typical  tetanus  symptoms.    The  same  is  true  for  the  blood. 

The  authors  close  their  paper  by  pointing  out  the  possi- 
bility that  their  method  of  curing  tetanus  and  diphtheria 
which  they  have  used  with  such  brilliant  results  on  animals 
so  highly  susceptible  to  these  diseases  as  mice  and  rabbits, 
may  also  be  used  for  the  far  less  susceptible  hospital 
patient.  They  also  note  the  possible  influence  of  their 
work  on  the  practice  of  blood-transfusion. 


